Background-Despite population declines in all-cause mortality, women with diabetes mellitus may have experienced an increase in mortality rates compared with men. 
O ver the past several decades, mortality from cardiovascular disease (CVD) has shown a marked decline. 1, 2 Despite this decline, diabetes mellitus remains a key risk factor for CVD and is associated with a 2-to 4-fold higher risk of CVD, as well as an increased risk of mortality by up to 3-fold. [3] [4] [5] Rising rates of obesity and diabetes mellitus may be increasing the burden of CVD caused by diabetes mellitus, highlighting the need to better understand the morbidity and mortality related to diabetes. 6, 7 Declines in mortality rates over time have been observed in people with and without diabetes mellitus. 8 -11 However, a recent analysis of national trends data from the National Health and Nutrition Examination Survey (NHANES) suggested that declines in all-cause mortality have occurred among men with diabetes mellitus but not women. 4 Furthermore, these findings suggested that women may have had an increase in mortality related to diabetes mellitus over time.
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These conflicting findings may be due to differences in study methodology. Prior studies examining trends in diabetes mortality are limited by the use of self-reported diabetes status or death certificates, increasing the possibility of misclassification. 4, 5 Prior work in the Framingham Heart Study has shown that CVD event rates have declined among those with and without diabetes mellitus. 3 As an extension to this prior work, the purpose of the present study is to assess time-period trends in all-cause mortality among women and men with and without diabetes mellitus in the Framingham Heart Study, in which diabetes status has been routinely screened for and all deaths have been adjudicated. We also secondarily examined CVD and non-CVD mortality rates over time among men and women with diabetes mellitus.
Methods

Study Sample
The Framingham Heart Study and the Framingham Offspring Cohort Study have been previously described. [12] [13] [14] Briefly, the Framingham Heart Study is an ongoing prospective cohort study that began in 1948 with the enrollment of 5209 men and women 28 to 62 years of age. 12, 13 The participants underwent an examination every 2 years that included a medical history interview, physical examination, and laboratory tests. The Framingham Offspring Cohort Study began in 1971 when 5124 offspring of the original participants and their spouses were enrolled. 14 The offspring cohort underwent examinations every Ϸ4 years. All subjects provided written informed consent, and the study has been approved by the Institutional Review Board at Boston Medical Center.
For the present study, we selected individuals 45 to 74 years of age from 10 serial original cohort examinations, taken 4 years apart and occurring from 1950 to 1990, and from all 7 serial offspring examinations, taken roughly 4 years apart and occurring from 1971 to 2001. The participants were followed up for death in 4-year windows until December 31, 2005. Participants were able to contribute information at Ͼ1 examination provided that they survived to the following examination and were 45 to 74 years of age at their next examination. For example, an individual who attended an examination in 1971 would be followed up until death or 1975 (4-year follow-up window), whichever occurred first. The 4-year follow-up window was used so that diabetes status could be updated at each examination that the participant attended. The 4-year risk periods were pooled for each individual, making this approach equivalent to a long-term Cox model with age and diabetes status as time-dependent variables. 15 We divided the study sample into two 25-year time periods according to the calendar year of examinations, with the "earlier period" for examinations occurring from 1950 to 1975 and the "later period" for examinations occurring from 1976 to 2001. The total follow-up period for death was 1950 to 1979 (1975ϩ4-year follow-up window) for participants attending examinations during the earlier time period and 1976 to 2005 (2001ϩ4-year follow-up window) for participants attending examinations during the later period. In the earlier period, 78 156 person-years were included and 930 deaths occurred, and 79 000 person-years and 773 deaths in the later period.
Outcome Assessment
The primary outcome of interest was all-cause mortality. We secondarily examined mortality from CVD and non-CVD causes. All deaths were adjudicated by a panel of 3 investigators using previously described criteria. 16 Information on cause of death was obtained from death certificates, hospital admission records, medical records, and family members. CVD was identified as the cause of death if any of the following conditions were responsible for the death: coronary heart disease, intermittent claudication, congestive heart failure, stroke, or transient ischemic attack.
Diabetes Status Assessment
Participants were considered to have diabetes mellitus if they had a fasting plasma glucose level Ն126 mg/dL (for the offspring cohort) or a casual plasma glucose level Ն200 mg/dL (for the original cohort) or if they reported treatment with insulin or an oral hypoglycemic agent. All participants with type I diabetes mellitus, as identified by chart review, were excluded from analysis.
Statistical Methods
A Cox proportional-hazards model using pooled repeated observations was fit to estimate hazard ratios (HRs) and 95% confidence intervals, with follow-up time used as the time scale. Four-year mortality rates were calculated as the total number of deaths divided by the total number of person-years of follow-up. Mortality rates for the total study sample were directly adjusted for age (in 5-year age groups) and sex. In the primary analysis, separate models were fit for those with and without diabetes mellitus for the total study sample and for men and women separately. All models were adjusted for age; the models for the total study sample were additionally adjusted for sex. The primary comparison of interest was the HR comparing all-cause mortality in the later period with the earlier period among both those with diabetes mellitus and those without diabetes mellitus. A dichotomous variable for time period was entered into the Cox model, and its significance was assessed by a 1-df Wald test. To assess the interaction between time period and sex, a cross-product term for time period by sex was entered into each model, and its significance was assessed by a 1-df likelihood ratio test.
We also compared the HR of all-cause mortality for individuals with diabetes mellitus to those without diabetes mellitus within each time period. Models were fit separately for the earlier time period and the later time period for the total study sample and for men and women separately. The interaction between diabetes status and sex within each time period was assessed. In secondary analyses, we stratified all-cause mortality into its components and separately examined trends in CVD and non-CVD mortality over time.
In a secondary analysis, we redesigned our analysis to compare our main results with a prior analysis conducted using NHANES data. 4 The NHANES analysis compared 3 different time periods ranging from 1971 to 1994 (1971 to 1975, 1976 to 1980, 1988 to 1994) . Because of the overlapping nature of the NHANES follow-up periods (which is possible because they have a different cohort of individuals at each time period), we were not able to construct 3 separate time periods using our data. However, we constructed 2 periods that are equivalent in calendar time to the first (1971 to 1975) and third (1988 to 1994) NHANES surveys, which was the main comparison of interest. We also used a 12-year follow-up period instead of the 4-year follow-up window in our primary analysis and included 35 to 74 years of age to match the NHANES study design more closely.
Because the original and offspring Framingham cohorts used different definitions for assessing diabetes status, we performed a sensitivity analysis to examine the effect of changing the original cohort's definition of diabetes mellitus (casual plasma glucose Ն200 mg/dL or diabetes treatment). Models were fit that changed the cohort diabetes definition from Ն200 to Ն150 mg/dL by decrements of 10 mg/dL.
A value of PϽ0.05 was considered statistically significant. All analyses were performed with SAS version 8.1 (SAS Institute, Inc, Cary, NC). The proportional-hazards assumption was assessed graphically with log-log plots from PROC LIFETEST in SAS and was met for all variables considered.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Study Sample Characteristics
In the earlier period, 3.5% of women and 4.5% of men had diabetes mellitus; in the later period, 7.0% of women and 11.2% of men had diabetes mellitus (Table 1) . Additional characteristics of the study sample are presented in Table 1 .
Trends in All-Cause Mortality
The age-and sex-adjusted all-cause mortality rates (per 1000 person-years) decreased from 12.8 to 7.7 among those without diabetes mellitus and from 33.1 to 15.8 among those with diabetes mellitus, corresponding to a 40% and a 48% reduced risk of death, respectively ( Table 2 ). The results in the sex-specific analysis for all-cause mortality paralleled those in the total study sample. Both women and men with and without diabetes mellitus had a significantly decreased risk of all-cause mortality in the later period compared with the earlier period (the Figure, Table 2 ).
The association between diabetes status and risk of mortality by time period is presented in Table 3 . In both the earlier and later time periods, participants with diabetes mellitus had a 2-fold increased risk of all-cause mortality compared with those without diabetes mellitus. In sexspecific analyses, women had an Ϸ3-fold increased risk of mortality associated with diabetes mellitus, whereas men had an Ϸ2-fold increased risk ( Table 3 ). The P values for the interaction between sex and diabetes status were 0.05 for the earlier period and 0.20 for the later period.
Trends in CVD Mortality
The results for CVD mortality were similar to those for all-cause mortality. Among the total study sample, participants without diabetes mellitus had a 62% decline in CVD mortality, and participants with diabetes mellitus had a 69% decline (Table 2) . Similar magnitudes of decline in CVD mortality were observed when the analysis was performed separately by sex.
When diabetes mellitus was compared with nondiabetes in the total study sample, participants with diabetes mellitus had nearly a 4-fold increased risk of CVD mortality in the earlier time period and nearly a 3-fold increased risk in the later time period (Table 3 ). In the earlier time period, a comparison of those with diabetes mellitus and those without diabetes mellitus gave an HR for CVD mortality of 5.08 (PϽ0.0001) for women and 2.95 (PϽ0.0001) for men. In the later time period, the HRs of CVD mortality were 3.49 (PϽ0.0001) for women and 2.35 (PϽ0.0001) for men. A statistically significant interaction for CVD mortality was found between sex and diabetes status in the earlier time period (P for interactionϭ0.02).
Trends in Non-CVD Mortality
In the total study sample, individuals without diabetes mellitus had a 19% decrease in non-CVD mortality rates, whereas individuals with diabetes mellitus had no change in mortality rates (Pϭ0.95) in comparisons of the earlier and later time periods (Table 2 ). In sex-specific analyses, only women without diabetes mellitus, but not men without diabetes mellitus, had a statistically significantly reduced risk of non-CVD mortality between the 2 time periods. Both women and men with diabetes mellitus had no change in the rates of non-CVD mortality between the earlier and later periods.
In sex-specific analyses, as shown in Table 3 , women with diabetes mellitus were at increased risk of non-CVD mortality compared with those without diabetes mellitus in both the earlier (HR, 1.76; 95% confidence interval, 1.02 to 3.05; Pϭ0.04) and later (HR, 1.81; 95% confidence interval, 1.17 to 2.78; Pϭ0.007) time periods. Among men, no difference was found in the risk of non-CVD mortality comparing those with diabetes mellitus and those without diabetes mellitus in the earlier time period. However, in the later period, men with diabetes mellitus appeared to be at increased risk of non-CVD mortality relative to those without diabetes mellitus, although the difference was not statistically significant (Pϭ0.06). The interaction between sex and diabetes status was not statistically significant in either the earlier or later time period (Pϭ0.21 for earlier period; Pϭ0.38 for later period).
Secondary Analyses
One of our goals was to compare our results with a prior published analysis that used NHANES data. 4 Because the NHANES analysis compared different time periods and had a wider age range and a longer follow-up window than our primary analysis, we restructured our primary analysis to be comparable. Some notable differences emerged between our primary analysis (presented in Table 2 ) and our restructured analysis (presented in Table 4 ). Among the total study sample, the magnitude of decline in all-cause mortality was less prominent when the earlier and later time periods were compared, especially among individuals with diabetes mellitus. Among women with and without diabetes mellitus, the difference between the earlier and later periods was not as pronounced compared with our primary analysis (diabetes mellitus: HR, 0.76 versus 0.48; no diabetes mellitus: HR, 0.74 versus 0.59). Furthermore, the HR for all-cause mortality among women with diabetes mellitus was no longer statistically significant (Pϭ0.24), although the magnitude of the HR was similar for women with and without diabetes mellitus (HR, 0.76 versus 0.74), likely because of fewer deaths among women with diabetes mellitus in the restructured analysis. For CVD mortality, we did not observe any differences between our restructured analysis and our primary analysis (diabetes mellitus: HR, 0.38 versus 0.29; no diabetes mellitus; HR, 0.38 versus 0.35). For non-CVD mortality, in our restructured analysis, we did not observe a decline in mortality among individuals without diabetes mellitus among men and women combined as we did in our primary analysis. Additionally, among women, we did not observe a decline in non-CVD mortality among those without diabetes mellitus in the restructured analysis as we did in our primary analysis. Among women with diabetes mellitus, a suggestion of an Prevalent CVD † at index exam, % 5.5 9.5 *In total, 399 individuals had diabetes mellitus in the earlier period and 679 individuals had diabetes mellitus in the later period.
†Defined as myocardial infarction, stroke, or congestive heart failure.
increased risk of non-CVD mortality was found, although the HR was not statistically significant. We performed a sensitivity analysis to examine the effect of changing the original cohort's definition of diabetes mellitus of nonfasting plasma glucose of Ն200 to Ն160 mg/dL by 10-mg/dL units ( Figure I of the online-only Data Supplement). Overall, changing the diabetes definition for the cohort minimally affected the HR estimates. Excluding those with prevalent CVD at the index examination resulted in findings similar to our main analysis (online-only Data Supplement Table) .
Discussion
Our findings from an analysis of mortality trends among participants with and without diabetes mellitus in the Framingham Heart Study are 3-fold. First, contrary to recent NHANES findings, we observed a decline in all-cause mortality rates among both men and women with and without diabetes mellitus when comparing the earlier and later time periods. We also observed a decline in CVD mortality between the earlier and later time periods. Second, no change was found in non-CVD mortality rates among women or men with diabetes mellitus over time, and women with diabetes mellitus had an Ϸ2-fold higher risk of death resulting from non-CVD causes than women without diabetes mellitus in both the earlier and later time periods. Finally, we observed that men and women with diabetes mellitus continue to remain at a higher risk of all-cause and CVD mortality than their counterparts without diabetes mellitus. Several factors may explain the decrease in mortality rates over time among those with and without diabetes mellitus. In recent decades, there have been improvements in major CVD risk factors, including reductions in smoking prevalence, total cholesterol, and systolic blood pressure levels. 6 Additionally, recent advances in secondary prevention therapies have occurred that may have contributed to the decline. 6 Decreases in incidence rates of CVD events have been observed among individuals both with and without diabetes mellitus. 3 These substantial declines in mortality rates among individuals with diabetes mellitus over time are especially important to consider in light of the recent clinical trials that failed to find benefit of intensive compared with standard glucose-lowering regimens 17, 18 and emphasize the continued importance of primary and secondary prevention in the overall reduction of mortality in individuals with diabetes mellitus over time.
We observed that non-CVD mortality was higher in both time periods in women with diabetes mellitus compared with women without diabetes mellitus, although the number of events was small. Nonetheless, these findings are supported by a prior examination of trends in non-CVD mortality among people with diabetes mellitus, which noted a significant increase in cancer mortality in the period from 1970 to 1994. 9 
In the Context of the Current Literature
A recent analysis of mortality trends among people with diabetes mellitus conducted using NHANES data showed that men with and without diabetes mellitus had a significant decline in all-cause mortality in comparisons of the time periods of 1971 to 1986 and 1988 to 2000. 4 However, women with and without diabetes mellitus did not have similar declines in the rates of all-cause mortality over the same time period. Among women, the absolute difference in all-cause mortality rates between those with and without diabetes mellitus more than doubled between 1971 to 1986 and 1988 †Mortality rates and HRs are adjusted for age and sex. ‡Likelihood ratio test for sex-by-diabetes interaction: Pϭ0.05 for earlier period, 0.20 for later period.
§Likelihood ratio test for sex-by-diabetes interaction: Pϭ0.02 for earlier period, 0.10 for later period.
Likelihood ratio test for sex-by-diabetes interaction: Pϭ0.21 for earlier period, 0.38 for later period. ¶Mortality rates and HRs are adjusted for age.
to 2000. Both women and men without diabetes mellitus had significant declines in CVD mortality, but significant declines were not observed in either men or women with diabetes mellitus. In contrast, in our primary analysis, we observed strong and significant declines in all-cause and CVD mortality among both men and women with and without diabetes mellitus. However, in our analysis that was restructured to match the NHANES analysis, we did not observe a statistically significant decline in all-cause mortality among either men or women with diabetes mellitus, although substantial declines were observed among individuals with diabetes mellitus for CVD mortality. Importantly, we did not observe an increase in all-cause mortality among women in any of our analyses, as was observed in the prior analysis of NHANES data.
Potential differences in study design may explain the discrepancy in our results. Most likely, the breadth of the time period examined in the Framingham Heart Study compared CVD deaths and non-CVD deaths do not sum to all-cause deaths because of the presence of deaths of unknown cause in the all-cause mortality group. *This analysis was structured to parallel that found in a prior study done using NHANES data. 4 The changes from our main analysis include (1) expanding the age range at the index exam to 35 to 74 years, (2) increasing the follow-up window from 4 to 12 years, and (3) 19 A recent study showed that the sensitivity of self-reported diabetes mellitus was only 49.3% for women and 67.1% for men. 20 If women are less likely to report their diabetes status correctly, it is possible that only the most severe cases of diabetes mellitus are identified through self-report. Additionally, the NHANES analysis ascertained mortality from death certificates, an approach that has been shown to overestimate CVD as a cause of death, 21 whereas all deaths in the Framingham Heart Study were adjudicated by a panel of 3 physicians. Therefore, misclassification of both exposure and outcome could have occurred within the NHANES analysis. Finally, it is possible that the NHANES results differed from ours as a result of either the geographic variability or the high proportion (Ϸ20%) of nonwhite participants in their study sample. The Framingham Heart Study is predominantly white and may not be as representative of the general US population as the NHANES population. In contrast to the NHANES study, the majority of studies of mortality trends among people with diabetes mellitus have shown decreases in mortality rates over time. Three studies have been conducted in predominantly white populations, similar to the racial composition of the Framingham Heart Study. In a population-based study in Rochester, Minn, in which the diagnosis of diabetes mellitus was based on hospital records and cause of death information was obtained from death certificates, all-cause mortality decreased by 13.8% among those with diabetes mellitus and by 21.4% in those without diabetes mellitus between 1970 and 1994. 9 Similarly, an examination of North Dakota death certificate data showed that the mortality rate among persons with diabetes mellitus (as identified on the death certificate) declined by 35% between 1997 and 2002 and that sexspecific rates showed a trend similar to those for the total population. 10 In a study of nearly 75 000 individuals from Norway in which diabetes status was self-reported and cause of death was identified from a national death registry, statistically significant declines in CHD mortality were observed in both men and women with diabetes mellitus from 1984 to 1997. 11 Trends in mortality rates among people with diabetes mellitus have also been conducted among in multiethnic study samples. For example, a recent study from Ontario, Canada, reported a 25% decline in all-cause mortality in both women and men with diabetes mellitus from 1995 to 2005. 8 Therefore, differences in the ethnic composition of our study sample compared with NHANES are unlikely to fully account for differences in the findings.
Study Strengths and Limitations
Strengths of this analysis include the routine screening for diabetes mellitus with glucose measurements to define diabetes status in our study sample instead of relying on either self-reported diabetes status or diabetes status from hospital admission records. Self-reported diabetes status can result in misclassification because nearly one third of total diabetes cases are undiagnosed. 22 Furthermore, self-reported diabetes status would have identified only the most severe cases in the earlier years, whereas in the later years, there are fewer undiagnosed cases. Reliance on hospital admission records to define diabetes status only confirms a positive diabetes diagnosis among those who have been admitted to the hospital. Therefore, the use of blood glucose measurements in our study is a more sensitive and specific way of defining those with and without diabetes mellitus. Another strength of our study is the broad time period of observation, which enabled us to elucidate long-term trends.
The results of this analysis should be interpreted in light of its limitations. Our study sample is predominantly white; thus, the results may not be generalizable to other ethnic or racial groups in which disparities in health care may exist. Additionally, we had a small number of deaths among the diabetes group in the sex-specific analyses; therefore, the power to detect a modest effect may be limited. We used different diabetes definitions in the original and offspring cohorts. However, a sensitivity analysis revealed that this is unlikely to account for our findings.
Conclusions
We observed a decline in all-cause and CVD mortality rates among both men and women with and without diabetes mellitus over the period of 1950 to 2005. Both men and women with diabetes mellitus continue to remain at a higher risk of all-cause and CVD mortality than those without diabetes mellitus. Whether the lack of decrease in non-CVD mortality rates over time among individuals with diabetes mellitus is observed in other studies warrants further investigation.
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